This work aimed to determine the irradiator thermal (under-cadmium) and fast (over-cadmium) neutron fluxes, of the Nuclear Experimental Laboratory of the Nuclear Engineering Center (CNEN-IPEN, São Paulo, Brazil), and the possibility of this irradiator use for Neutron Activation Analysis (NAA), by the absolute method. To establish the facility specifications, the neutron flux values along the irradiator axis were determined experimentally and calculated by Monte Carlo method. The irradiator presents the advantage of supplying a stable neutron flux for a long period, eliminating the need to use standard material (comparative method), so that the process becomes agile, practical and economical.
INTRODUCTION
The Neutrons Activation Analysis (NAA) method is a highly sensitive non-destructive technique for the elemental composition determination in samples. It has been particularly useful in the simultaneous determination of elements in complex samples of several natures. It consists basically of submitting a sample to a neutron flux, generated by reactors or of radioactive sources, then to accomplish gamma spectrometry of the irradiated material identifying and quantifying the sample components. Some methods of NAA are used in many laboratories (1) (2) (3) (4) . Among the several methods used are: (a) comparative method, (b) absolute method, (c) instrumental method (INAA) and (d) chemical method (RNAA), a description of each of these methods is given in the IAEA-TECDOC-1215 (5) . In this work, the NAA absolute method was used for analysis of irradiated samples. In order to use the absolute method, an essential parameter is the neutron flux. For obtaining experimentally the neutron flux, the activation gold foil technique was used. The flux obtained using Monte Carlo method was simulated by MCNP-4B code.
MATERIALS AND METHODS

Neutron irradiator design
Basically, this facility consists of a 0.5 cm thick, 120.0 cm long and 98.5 cm diameter aluminum cylinder (filled with paraffin), with two AmBe sources 592 GBq each. The cylinder has a central tube of 8.0 cm diameter in all its length and two perpendicular cylindrical cavities which cross the geometric centre, where the neutron sources are placed. The two neutron sources are positioned symmetrically and face to face, at the same distance from the geometric centre. In Figure 1 
Neutron flux determination
The irradiator thermal flux determination is a critical factor for evaluating its possibility of use in certain situations and for calculating the interest element fraction in the sample analysed. For the flux calculation, several factors are used (6, 7) , among which the distortion correction factor, due to the presence of activation detectors and filters (gold and cadmium foils). This correction factor is necessary since the introduction of any sensor into a neutron field produces distortion in the flux under evaluation.
The neutron flux equation using the correction factor (Fc), experimentally obtained using standard material, can be expressed by:
where C obs is the observed counting; M is the element atomic mass; l is the decay constant; e is the efficiency of the measurement system; N is the 6.02 Â 10 23 (Avogadro number); s is the microscopic cross section, in cm 2 ; m is the sample mass, in gram; f is the isotope fraction to undergo activation; F is the isotope fraction to undergo activation, when the target is a chemical compound; fg is the gamma decay yield; t i is the irradiation time; t e is the delay time; t c is the counting time; F c is the correction factor.
Monte Carlo calculations
The MCNP code developed in Los Alamos (8) carries out the radiation transport, relating to neutrons, photons and electrons with energetic and temporal dependence in a three-dimensional geometry by using the Monte Carlo method. In general, it is based on the probability distribution function for developing the random sampling of each event and performing the evolution of the particular phenomenon being studied by means of convenient statistical techniques. In this work, the MCNP-4B code was used to estimate the flux in two different configurations related to neutrons sources arrangements. The energy ranges considered were: (a) thermal below the cadmium cut-off energy (0.5 eV) and (6) fast neutrons (above 0.5 eV) cadmium cut-off energy.
The spectra of emission of the neutrons sources for the simulation of the emission of the source particles were extracted of (8, 9) . In Figure 2 , the Monte Carlo irradiator simulation is shown.
RESULTS
For the determination of the neutron fluxes: (a) thermal (under-cadmium) and (b) fast (overcadmium), measurements were made when bare and when covered with cadmium gold foils along the irradiator central tube. The fluxes were calculated for two assemblies in the irradiator: (a) with polyethylene block between the sources and the central tube and (b) without the polyethylene. The polyethylene block does the function of moderating the neutrons emitted by the source.
The distributions of the neutron fluxes along the irradiator, using a 5.0 cm thick polyethylene block between the sources and the central tube, are shown in Figure 3 . The distributions presented were obtained experimentally and calculated using the Monte Carlo method.
The distributions of the neutron fluxes along the irradiator, determined without the polyethylene block between the sources and the central tube, are shown in Figure 4 . The distributions presented were obtained experimentally and calculated using the Monte Carlo method.
The neutron flux obtained, for the central position, was used for calculation of fraction F (Equation 1) From the results of the fluxes and from the analysis of materials analysis, it can also be concluded that the utilisation of the irradiator is limited to bulk mass samples or materials of high activation cross section. In Figure 5 , the copper activity as a function of mass (a) or simulated cross section (b) was determined using the parameters for the 64 Cu peak at 1345 keV energy. Cu activity at 1345 keV energy vs. cross section.
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